vast majority (190%) of HSV-2-infected patients who experience an initial classic genital herpes outbreak report at least 1 lifetime recurrence, and approximately one-third experience frequent recurrences (у6 episodes per year) [4, 5] . Although genital herpes is invariably non-life threatening and is often asymptomatic, it remains an incurable but treatable infection. Overall, genital herpes negatively impacts patient quality of life [6, 7] and constitutes a major public health problem.
Episodic therapy, a common management approach for recurrent genital herpes, has evolved in recent years from a traditional 5-day treatment regimen to shortcourse antiviral schedules that are effective and convenient [8] [9] [10] [11] [12] . Clinical trials have demonstrated the effectiveness of 3-day therapy with valacyclovir [8, 9] , 2-day regimens with high-dose acyclovir (800 mg administered 3 times daily) [10] and famciclovir (a 500-mg initial dose, followed by 250 mg administered twice daily) [11] , and highdose single-day famciclovir therapy (1000 mg administered twice) [12] . Single-day famciclovir was approved in the United States for treatment of recurrent genital herpes in 2006.
Because recurrent genital herpes outbreaks in immunocompetent individuals commence following a rapid burst of viral replication, with peak viral loads in the first 24 h [13] , there is a brief and early therapeutic window that is best managed by patient-initiated therapy. Recognition of prodromal symptoms (e.g., pain, itching, tingling, and burning) by many patients [14] provides an opportunity for prompt treatment intervention. A recent study of single-day famciclovir treatment, started within 6 h after the onset of prodromal symptoms or recurrent genital herpes lesions, demonstrated an accelerated time to healing of lesions, compared with placebo [12] . This study also found that progression to a full outbreak was halted or prevented in nearly one-fourth of patients who used famciclovir.
The current study is the first head-to-head comparison of patient-initiated, single-day famciclovir therapy versus an active antiviral agent. We hypothesized that single-day, high-dose famciclovir therapy (1000 mg administered twice daily) would be noninferior to 3-day valacyclovir therapy (500 mg administered twice daily) in reducing time to healing of nonaborted recurrent genital herpes lesions (i.e., lesions that progressed beyond the papule stage).
PATIENTS AND METHODS
Study design. This multicenter, multinational, randomized, double-blind, noninferiority study assessed the efficacy and safety of patient-initiated single-day famciclovir versus 3-day valacyclovir as episodic treatment in immunocompetent adults with recurrent genital herpes. Approval of the study protocol and a consent form was obtained from each investigator's independent ethics committee or institutional review board, and all study activities were conducted in accordance with Good Clinical Practice and the Declaration of Helsinki. All screened and enrolled subjects provided written informed consent prior to any study-related procedures. This study was registered at http://www.ClinicalTrials.gov. The trial registration number was NCT00306787.
Treatments. Patients who met the study entry criteria were randomized in a 1:1 ratio to receive either famciclovir (1000 mg given twice daily for a single day) or valacyclovir (500 mg given twice daily for 3 days). Famciclovir and valacyclovir placebos, matching in size, color, and formulation, were given to maintain blinding.
Study procedures. Patients were instructed to initiate therapy within 6 h after the onset of prodromal symptoms and/or genital herpes lesions associated with their next recurrence. They were to return to the clinic for medical evaluation within 24 h after initiating therapy and then daily for 3 days. Patients with unhealed lesions were subsequently evaluated every other day until all lesions healed or up to day 14 after initiation of the study drug. Type-specific HSV serological testing (by enzyme immunoassay) was performed at screening if there were no positive results in the patient's medical record. Routine hematological and serum chemistry tests were performed for safety assessment at randomization and on day 7 after initiation of the study drug. Toxicity was graded using a standard scoring system (Modified Division of Microbiology and Infectious Diseases Toxicity Tables, version 2.0). A negative pregnancy test result was required for women of childbearing age before initiating treatment with the study drug.
Study assessments. The time of healing was assessed by the investigator on the basis of clinical observations and patient diary entries. Healing was defined as complete loss of all crusts and reepithelialization of genital herpes lesions. Patients were to complete a diary starting from the time of prodromal symptoms or genital herpes lesions and to make entries twice daily after initiation of study drug treatment, recording the precise time of onset of genital herpes recurrence, the presence of symptoms, and the status of lesion stages until the investigator confirmed lesion healing.
Eligibility criteria. Immunocompetent men and women aged у18 years were considered to be eligible if they had previously received a diagnosis of genital herpes, had a history of lesions located on the external genitalia or anogenital region, and had laboratory evidence of HSV infection. Each patient was to have experienced at least 4 recurrences of genital herpes in the preceding 12 months or in the 12 months prior to undergoing suppressive antiviral therapy. Patients who received suppressive antiviral therapy had to be willing to discontinue this therapy at study entry.
Exclusion criteria included patients with a history of renal disease requiring adjustments of famciclovir or valacyclovir dosage, decompensated hepatic impairment, gastrointestinal malabsorption, or conditions resulting in immunosuppression (including HIV infection or chronic oral steroid use). Female patients of childbearing age were excluded if they were pregnant, breast-feeding, or using an unreliable form of contraception. Use of concomitant cimetidine and/or probenecid therapy was disallowed.
Safety and tolerability assessments. Safety assessments consisted of monitoring and recording all adverse events (AEs), serious AEs, vital signs, physical conditions, and routine hematological and serum chemistry test results. AEs were any adverse physiological events occurring from the initiation of study medication until the conclusion of the study. Investigators were asked to rate AEs according to severity (mild, moderate, or severe), relationship to study drug (suspected or not suspected), and whether the AE resulted in discontinuation of study medication or other remedial action. Serious AEs were defined as AEs that were fatal, life threatening, or disabling; that resulted in hospitalization; or that required medical or surgical intervention to prevent one of these outcomes. Analysis populations. The safety population included all patients who had initiated treatment with the study drug and had at least 1 postbaseline safety assessment. All patients who initiated treatment using study medication with the intention of treating genital herpes recurrences were included in the intent-to-treat (ITT) population. A modified ITT populationthe primary efficacy population-included all patients who developed nonaborted genital herpes lesions during the treated recurrence. The per-protocol (PP) population included all patients from the modified ITT population who did not have major protocol deviations (e.g., noncompliance with study drug treatment).
Statistical analysis. The primary efficacy end point was investigator-assessed time to healing of all nonaborted genital herpes lesions. Secondary end points included the proportion of patients with investigator-assessed aborted lesions, investigator-assessed time to healing of all genital herpes lesions (nonaborted and aborted), and patient-reported time to resolution of all genital herpes-associated symptoms and specific genital herpes-associated symptoms.
Sample size calculations were based on the following assumptions: median time to healing of 4.5 days for both treatment groups, with the distribution of time to healing similar to that from a previous study [12] , a censoring rate of 10%, and a noninferiority margin of 1.0 day. A total of 260 patients with nonaborted lesions (including dropouts) in each treatment group was required to have 90% power for establishing noninferiority. The sample size was estimated using SAS and StatXact Procs for SAS simulations (SAS).
The primary analysis was performed for the time to healing of nonaborted lesions for the modified ITT population and presented as the 2-sided Hodges-Lehman 95% CI of the median of the treatment difference (famciclovir minus valacyclovir). The noninferiority of single-day famciclovir compared with the 3-day valacyclovir regimen was confirmed if the upper bound of the 95% CI was less than the predefined noninferiority margin of 1.0 day. To assess the robustness of the primary analysis result, a similar 95% CI was constructed for the PP population and the modified ITT population without missing values. The primary efficacy end point and other secondary time-to-event variables were analyzed using a proportional hazards model, with treatment, sex, and study center as explanatory variables; hazard ratios (famciclovir:valacyclovir) were estimated, and their 95% CIs were constructed; and the Kaplan-Meier method was used to present distributions. The proportion of patients with aborted lesions was compared between treatment groups using the Cochran-Mantel-Haenszel test, stratified by sex and study center. All hypothesis tests were performed as planned and evaluated at a .05 level of statistical significance. No adjustments for multiplicity were performed for secondary analyses. Rates of AEs and laboratory test abnormalities were summarized descriptively.
RESULTS

Patient disposition.
Of 1179 randomized patients, 756 received at least 1 dose of study medication (the safety population), and 751 comprised the ITT population. A total of 5 Hazard ratio and P value were based on Cox proportional hazards model with treatment, pooled center, and sex as exploratory variables. c For patients with nonaborted lesions who discontinued the study before healing of nonaborted lesions was confirmed and for patients who completed the study at 21 days after treatment initiation without nonaborted lesions and without a final assessment of aborted lesion status, the time to healing was censored at the time of the last clinical lesion observation for the Kaplan-Meier estimation and Cox model; for Hodges-Lehman estimation, the missing data for time to healing were imputed using the larger value of either the maximum value of time to healing observed in the study plus 1 day or time to censoring plus 2 days. d Patients with missing data for time to healing were excluded. e Patients with aborted lesions were assigned a time to healing of 0 days.
patients, including 4 patients who received the study drug to treat a condition other than genital herpes and 1 patient whose positive HSV serological test result was unavailable, were excluded from the ITT population. Twenty-six (7.0%) of the 370 famciclovir-treated patients and 26 (6.8%) of the 381 valacyclovir-treated patients discontinued the study. Primary reasons for premature discontinuation in both groups were protocol deviation (18 patients), loss to follow-up (15) , and withdrawal of consent (11) . The modified ITT population included 502 ITT patients who developed nonaborted genital herpes lesions; the PP population included 378 patients with nonaborted genital herpes lesions who did not have major protocol deviations. Baseline demographic and clinical characteristics were similar for the 2 treatment groups in the ITT population (table  1) . The median number of genital herpes recurrences per year was 5, with more than two-thirds of patients having received prior episodic therapy. The rate of seropositivity for HSV-2 was 92.3% (including 45.5% seropositivity for both HSV-2 and HSV-1); 7.7% of patients had serological evidence for HSV-1 alone.
Time to healing. In the modified ITT population, the time to healing of nonaborted lesions was similar for patients who received single-day, 1000-mg, twice-daily famciclovir (4.25 days) and patients who received 3-day, 500-mg, twice-daily valacyclovir (4.08 days). A median treatment difference (0.16 days) and its 95% CI for the modified ITT population demonstrated that famciclovir was noninferior to valacyclovir with respect to time to healing of all nonaborted genital herpes lesions. The upper bound of the 2-sided 95% CI (0.60 days) was well within the predefined noninferiority margin (famciclovir minus valacyclovir, !1.0 day). Consistent results were obtained for the PP population, showing that the median treatment difference was 0.18 days and that the upper bound of the 2-sided 95% CI was 0.55 days. Similar findings were reported for the modified ITT population with no missing values. The results were further confirmed by a secondary analysis using a Cox proportional model (table 2; for all pop-P 1 .05 ulations) and were found to be consistent with the time to healing estimated using the Kaplan-Meier method. Figure 1 shows a nearly identical time profile for the modified ITT population in both treatment groups. In addition, the time to healing of all lesions (including nonaborted and aborted lesions) in the ITT population was similar for the famciclovir and valacyclovir groups (table 2). A similar proportion of patients in both treatment groups comprising the ITT population experienced aborted lesions, including 32.7% (121 of 370 patients) in the famciclovir group and 33.6% (128 of 381) in the valacyclovir group.
Time to resolution of symptoms. In the ITT population, patients receiving single-day famciclovir had similar median times to resolution of all symptoms associated with recurrent genital herpes, as well as similar median time to resolution of each individual symptom (i.e., pain, itching, tingling, burning, and tenderness), compared with the 3-day valacyclovir group (table 3) .
Safety and tolerability. Adherence to study medication as prescribed was excellent, with 97.6% of famciclovir-treated patients (362 of 371 patients) receiving 2 doses on day 1 and 92.2% of valacyclovir-treated patients (355 of 385 patients) receiving all 6 doses over 3 days. Regardless of study drug causality or severity, the overall incidence of AEs was 23.2% (86 of 371 patients) for the famciclovir group, compared with 22.3% (86 of 385 patients) for the valacyclovir group. The most commonly reported AEs in either treatment group were headache (29 [7.8%] Serious AEs were reported in 2 patients in the famciclovir group (myocardial ischemia and a suicide attempt) and in 1 patient in the valacyclovir group (polysubstance abuse requiring hospitalization). One famciclovir-treated patient discontinued therapy prematurely because of headache and nausea, and 1 valacyclovir-treated patient discontinued therapy secondary to pregnancy.
The percentage change from baseline in hematological and serum chemistry laboratory values was small. For serum chemistry in patients with normal baseline values, 12 tests shifted to grade 3 or 4 toxicity, including tests for serum glutamate pyruvate transaminase (grade 3 valacyclovir toxicity in 1 patient), amylase (grade 3 famciclovir toxicity in 2 patients; grade 3 valacyclovir toxicity in 1 patient), serum lipase (grade 4 famciclovir toxicity in 1 patient; grade 3 valacyclovir toxicity in 2 patients), and hypoglycemia (grade 4 valacyclovir toxicity in 3 patients; grade 3 valacyclovir toxicity in 1 patient; grade 4 famciclovir toxicity in 1 patient). The toxicity grade in 1 valacyclovir-treated patient with an abnormal serum lipase level at baseline worsened to grade 3. For hematological tests, there were no reports of grade 3 or 4 toxicity after initiation of study medication for patients with normal baseline values; the toxicity grade in 1 valacyclovir-treated patient with an abnormal baseline hemoglobin value worsened to grade 3.
DISCUSSION
This randomized, double-blind study demonstrated that singleday high-dose famciclovir (1000 mg administered twice daily) provided effectiveness similar to that of 3-day valacyclovir therapy in time to healing of all nonaborted lesions, time to healing of nonaborted plus aborted lesions, proportion of patients with aborted lesions, and time to resolution of common symptoms. The time to healing of all nonaborted lesions, which was the primary efficacy end point, was nearly identical between patients treated with famciclovir and patients treated with valacyclovir (4.25 vs. 4.08 days) , thus establishing that single-day 9 (14.3-87.3) a The Kaplan-Meier method was used to estimate the time to resolution at quartiles. Median time to resolution of all symptoms and individual symptoms was estimated using both uncensored and censored data. Uncensored data were obtained from 474 patients who reported at least 1 symptom after initiation of treatment and had a known resolution time for all symptoms (i.e., actual time of resolution was recorded) and 7 patients who reported no symptoms (i.e., time of resolution was set as 0 h). Censored data were obtained from 241 patients with at least 1 persistent symptom (i.e., time of resolution was set as the last valid entry after first dose) and 29 patients with no valid data available (i.e., time of resolution was set as 0 h). b Based on Cox proportional hazards model with treatment, pooled center, and sex as explanatory variables. Hazard ratio for time to healing was defined as the hazard rate of famciclovir group/hazard rate of valacyclovir group.
high-dose famciclovir was noninferior to the 3-day valacyclovir regimen. This active-controlled study corroborates an earlier report in which treatment with single-day famciclovir significantly reduced time to healing of all nonaborted lesions, compared with placebo (4.3 vs. 6.1 days) [12] . This study also demonstrated that approximately one-third of patients in each treatment group had aborted lesions. The findings reported here for famciclovir are similar to the proportion of patients who received famciclovir versus patients who received placebo with aborted lesions in the earlier trial (23% vs. 13%) [12] . Moreover, examination of the population with positive PCR results revealed that 21% of patients who received single-day high-dose famciclovir had aborted lesions, compared with 5% of placebo recipients [15] . Although detection of HSV DNA by PCR testing was not performed in the current trial, these collective data imply that 1 in 3-5 patients who receive single-day famciclovir for recurrent genital herpes may experience an aborted episode.
Time to resolution of common genital herpes symptoms was ∼3 days after both treatment with single-day famciclovir and treatment with 3-day valacyclovir. Pain, tingling, and burning tended to resolve most rapidly after initiation of either treatment (median time to resolution, 0.5-1 days). Resolution of itching and tenderness occurred nearly 2 days after initiation of famciclovir (median time to resolution, 1.8 days and 2.3 days, respectively) and valacyclovir therapy (median time to resolution, 1.8 days and 2.0 days, respectively). These findings parallel those reported after single-day famciclovir treatment in the placebo-controlled trial, which showed complete symptom resolution after a median of 3.3 days (0.9 days for pain, 1.0 days for tingling, 0.7 days for burning, 1.6 days for itching, and 2.0 days for tenderness) [12] .
Overall, the effectiveness of single-day high-dose famciclovir for episodic treatment of recurrent genital herpes in the current and previous trial [12] is comparable to other reports of shortcourse oral antiviral therapy [8] [9] [10] , including a 2-day famciclovir regimen [11] , with similar benefits for healing and relief of symptoms. It is also well recognized that recurrent episodes of genital herpes follow a rapid burst of viral replication that reaches maximum threshold within 24 h after an outbreak [13] . In both the present study and the previous famciclovir study [12] , patients were instructed to self-administer therapy within 6 h after experiencing prodromal symptoms or the first appearance of a genital lesion. We hypothesize that "hitting the virus early and hard," when viral titers are highest [16] , may be responsible for the effectiveness of single-day high-dose famciclovir and the fact that, in approximately one-third of patients, the outbreak did not progress beyond the papule stage.
The present study demonstrated that single-day high-dose famciclovir therapy was safe and well tolerated (overall AE rates, 23.2% for famciclovir vs. 22.3% for valacyclovir), with gastrointestinal and nervous system disorders reported most commonly. The majority of AEs were of mild-to-moderate severity, with little need for remedial treatment. Only 1 famciclovirtreated patient discontinued medication prematurely, after experiencing headache and nausea. These findings, coupled with earlier observations [12] , suggest that single-day famciclovir has an acceptable tolerability profile.
In summary, this multicenter, multinational, double-blind, active-controlled study demonstrated that a patient-initiated single-day famciclovir regimen (1000 mg administered twice) was as effective and safe as a 3-day valacyclovir regimen (500 mg administered twice daily) in reducing the time to healing of nonaborted lesions in immunocompetent adults with recurrent genital herpes. The fact that nearly one-third of patients who were treated with single-day high-dose famciclovir had aborted episodes is encouraging and demonstrates that effective short-course therapy can significantly reduce the undesirable sequelae associated with recurrences. Single-day famciclovir is a simple and convenient treatment regimen for adults with recurrent genital herpes.
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